Article

Combination Therapy of High-Dose Rabeprazole
Plus Metronomic Capecitabine in Advanced
Gastro-Intestinal Cancer: A Randomized Phase
IT Trial

Michela Roberto 100, Adriana Romiti 1, Federica Mazzuca 1'>*, Annalisa Milano 2,
Chiara D’Antonio 2, Luana Lionetto 3, Rosa Falcone 4, Lidia Strigari 5 Maurizio Simmaco %7,
Stefano Fais 8 and Paolo Marchetti !

1 Department of Clinical and Molecular Medicine, University “La Sapienza”, 00189 Roma, Italy;

michela.roberto@uniromal.it (M.R.); adriana.romiti@uniromal.it (A.R.); paolo.marchetti@uniromal.it (P.M.)
Oncology Unit, Sant” Andrea University Hospital, 00189 Roma, Italy;
annalisa.milano@ospedalesantandrea.it (A.M.); cdantonio@ospedalesantandrea.it (C.D.)

Mass Spectrometry Lab-Clinical Biochemistry Unit, Sant’Andrea University Hospital, 00189 Rome, Italy;
llionetto@ospedalesantandrea.it

Department of Translational and Precision medicine, University “La Sapienza”, viale dell’Universita 37,
00185 Rome, Italy; rosa.falcone@uniromal.it

Department of Medical physics, Policlinico S.Orsola Malpighi, 40138 Bologna, Italy; lidia.strigari@aosp.bo.it
Department of Neurosciences, Mental Health and Sensory

Organs, University “La Sapienza”, via di Grottarossa 1035, 00189 Roma, Italy;
maurizio.simmaco@uniromal.it

Unit of Laboratory and Advanced Molecular Diagnostic, Sant’Andrea University Hospital, 00189 Rome, Italy
Department of Oncology and Molecular Medicine, National Institute of Health, Viale Regina Elena 299,
00161 Rome, Italy; stefano.fais@iss.it

*  Correspondence: federica.mazzuca@uniromal.it

check for
Received: 25 September 2020; Accepted: 20 October 2020; Published: 22 October 2020 updates

Simple Summary: This is the first phase Il study of high dose rabeprazole repurposing (1.5 mg/kg bid,
three days a week) combined with metronomic capecitabine (mCAP), 1500 mg/daily, in gastrointestinal
cancer, aimed at evaluating the activity and safety of high-dose proton pump inhibitor in combination
with mCAP as salvage treatment in pretreated patients. A 3-months PFS rate of 66% and 57% was
reported in the mCAP-rabeprazole and mCAP group, respectively. Although, the adjunct of high
dose rabeprazole to mCAP did not improve mCAP activity, the combination of proton pump inhibitor
with chemotherapy would deserve to be further investigated.

Abstract: Background: In recent years, proton pump inhibitors (PPIs) have been investigated at high-dose
to modulate tumor microenvironment acidification thus restoring chemotherapeutic sensitivity. This is the
first trial to study activity and safety of repurposing high dose rabeprazole combined with metronomic
capecitabine (mCAP). Methods: A phase II study in which patients with gastrointestinal cancer,
refractory to standard treatments, who had a life expectancy >3 months, were blind randomized
1:1 to mCAP, 1500 mg/daily, continuously with or without rabeprazole 1.5 mg/kg bid, three days
a week. The primary endpoint was 3-months progression-free survival (PFS). The secondary
endpoints were clinical benefit (CB) and overall survival (OS). Safety and plasma concentrations
of capecitabine and its metabolites (5’-DFUR and 5-FU) were also evaluated. Results: Sixty-seven
(median age 69 years; 63% male; 84% colorectal cancer, 76% ECOG-PS < 1; 84% pretreated with
two or more lines of chemotherapy) out of 90 patients screened for eligibility, were randomized
to receive mCAP+rabeprazole (n = 32) vs. mCAP (n = 35). All patients were evaluable for
response. No significant difference between mCAP+rabeprazole vs. mCAP, in terms of 3-months
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PFS rate (HR = 1.43, 95%CI 0.53-3.85; p = 0.477), median PFS (HR = 1.22, 95%CI 0.75-2.00, p = 0.420),
CB (RR = 0.85, 95%CI 0.29-2.44; p = 0.786) and median OS (HR = 0.89, 95%CI 0.54-1.48; p = 0.664)
was observed. However, a 3-year OS rate of 10% and 12% was reported in the mCAP-rabeprazole
and mCAP groups, respectively. Overall, no grade 3 or 4 toxicity occurred but grade 1 or 2 adverse
event of any type were more frequently in the mCAP+rabeprazole group than in the mCAP (OR 2.83,
95%CI 1.03-7.79; p = 0.043). Finally, there was not statistically significant difference in the plasma
concentration of capecitabine and its metabolites between the two groups. Conclusions: Although
the adjunct of high dose rabeprazole to mCAP was not shown to affect mCAP activity, as PPI are
being investigated worldwide as drugs to be repositioned in cancer treatment and also considering
the limited sample size as well as the favorable safety profile of the combination in the present study,
further clinical investigations are desirable.

Keywords: combination therapy; proton-pump inhibitors (PPIs); metronomic capecitabine;
gastrointestinal cancer; drug repurposing

1. Introduction

The extracellular acidification of the tumor’s microenvironment was reported to underlie
not only proliferation and metastatization of cancer cells but also anticancer drugs resistance [1].
Indeed, the lactate production, following the increased anaerobic glycolysis, even under normal oxygen
concentrations (Warburg effect), and the consequent pH decrease in the tumor microenvironment
would impair the uptake of weakly basic cytotoxic drugs reducing their therapeutic effectiveness [1].
Furthermore, the activity of vacuolar H+-ATPases (V-ATPases), which is an ATP-dependent proton
pump that generate the pH gradient across both plasma and intracellular organelles membranes,
is enhanced in lysosomal type vesicles of cancer cells leading to both drugs sequestration into acidic
vesicles and their extrusion [2]. Therefore, increasing the pH of the tumor microenvironment by
targeting V-ATPases would represent an intriguing way to overcome the multi-drug resistance [3].
It has been demonstrated both in vitro and in vivo experiments that higher proton pump inhibitors
(PPIs) doses than those used to block H+/K+-ATPase on gastric parietal cells can also inhibit V-ATPases,
modulate tumor acidification and restore chemotherapeutic sensitivity in drug-resistant cancer cell [4-6].

Because acidic microenvironment is necessary for PPIs transformation into active molecules,
PPIs should be delivered at intermittent high dose to achieve an anti-tumor effect. In vivo experiments
showed that tumor pH shifts toward neutrality after esomeprazole treatment and returns to acidity
within 48 h after treatment discontinuation [5]. Moreover, a dose of about 2.5 mg kg~ in animal model,
which is comparable to that used in humans for the Zollinger-Ellison syndrome (160-240 mg/day),
was tested to revert tumor microenvironment acidity without evidence of systemic toxicity [1,4].

These preclinical experiments also confirmed the ability of high dose PPIs to counteract
drug-resistance in human tumors and impair vitality of different tumor cells [5,6].

The first proof of concept clinical study investigated the chemosensitizer effect of PPIs in patients
affected with osteosarcoma [7]. In this phase-2 trial, 98 patients received esomeprazole (60 mg/day)
for two days before neoadjuvant treatment with methotrexate, cisplatin, and adriamycin. A higher
percentage of tumor necrosis was detected in patients of the experimental compared to those of the
control arm while the toxicity profile was similar between the two groups. Moreover, PPIs were tested
in combination with docetaxel in advanced solid tumors with favorable results [8,9]. This way, to use
existing drugs for new therapeutic applications, called “drug repositioning”, would represent a more
tolerable and economically sustainable approach to cancer therapy [10,11].

Several cytotoxic agents can be redirected to an endothelial cell target by changing their dose
and frequency of administration [12]. This ‘metronomic’ chemotherapy, which uses a frequent
administration of low-doses without prolonged drug-free breaks, lately exhibited many additional
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mechanisms of action such as the stimulation of anti-tumor immunity as well as a direct inhibition of
tumor cells growth [12]. As a consequence, many early clinical evaluations were carried out while
several comparative studies are currently ongoing [13]. Particularly, metronomic capecitabine (mCAP)
was tested as a single agent in patients with advanced gastrointestinal tumors with preliminary,
encouraging results [14-16]. Although the best delivery schedule of mCAP has not yet been
defined, mCAP at the dosage of 1500 mg/day, was recently demonstrated to be a moderately active,
well-tolerated regimen as salvage chemotherapy in refractory, pretreated, metastatic gastrointestinal
cancer [15,16]. Metronomic protocols were also showed to be suitable for several combination
therapies with targeted agents as well as maximum tolerated dose chemotherapy (chemo-switch) [17].
Moreover, as it can be easily combined with drug repositioning, metronomic chemotherapy is supposed
to be an ideal companion to generate more potent, but less-toxic combination therapy for cancer
patients [13]. Rabeprazole has a non-enzymatic metabolism, a low potential for drug interactions and a
pharmacokinetics that is rather independent from inter-individual variations linked to polymorphisms
of CYP2C19 and CYP3A4 [18].

According to all these findings the present phase II study was planned to evaluate both activity
and safety of high dose rabeprazole combined with mCAP vs. mCAP alone, in patients with metastatic
gastrointestinal (GI) cancer previously treated with several chemotherapy regimens. The possible
interaction between the mCAP and rabeprazole was also investigated.

2. Results

Between 10 February 2014, and 8 May 2019, a total of 90 patients were screened for
eligibility (Figure 1). Sixty-seven patients underwent randomization, 32 were assigned to receive
mCAP-+rabeprazole and 35 to receive mCAP alone (intention-to-treat population). Each patient
received the assigned study drugs according to the randomization schema and was evaluated for
tumor response and toxicity. Baseline demographic and clinico-pathologic features were balanced
between the two study groups (Table 1).

CONSORT 2010 Flow Diagram

Enrollment Assessed for eligibility (n= 90)

Excluded (n=23)

+ Not meeting inclusion criteria (n=23)
+ Declined to participate (n=0)

+ Other reasons (n=0)

Randomized (n= 67)

Allocation
Allocated to experimental arm (n= 32) Allocated to control (n= 35)
+ Received allocated intervention (n=32) + Received allocated intervention (n= 35)
+ Did not receive allocated intervention (give + Did not receive allocated intervention (give
reasons) (n=0) reasons) (n=0)

Follow-Up
Lost to follow-up (give reasons) (n= 0) Lost to follow-up (give reasons) (n= 0)
Discontinued intervention (give reasons) (n= 0) Discontinued intervention (give reasons) (n=0)

Analysis

Analysed (n=32)
+ Excluded from analysis (give reasons) (n= 0)

Analysed (n=35)
+ Excluded from analysis (give reasons) (n= 0)

Figure 1. Consort diagram of the study depicting the process of patients’ randomization.
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Table 1. Baseline characteristics of the intention-to-treat population.

Characteristics mCAP-Rabeprazole mCAP
No. (%) (n = 32) (n = 35) P
Age—years
Median (range) 69 (39-85) 69 (38-87) 0.358
Sex
Male 22 (69) 20 (57)
Female 10 (31) 15 (43) 0449
ECOG PS
0 14 (44) 9 (26)
1 10 (31) 18 (51) 0.197
2 8 (25) 8 (23)
Primary tumor site
Colon or rectum 28 (87) 28 (80)
Stomach 0 (0) 4 (11) 0.134
Pancreas 4(13) 309
Site of metastasis
Liver 16 (50) 15 (43)
Multiorgan 8 (25) 13 (37) 0-561
Peritoneum 8 (25) 7 (20)
n. of prior regimens
1 6 (19) 5(14)
2 16 (50) 15 (43) 0.349
>3 10 (31) 15 (43)
Prior
anticancer therapy
Fluoropyrimidine-based 14 (44) 16 (46)
Anti-VEGF 16 (50) 10 (28) 0.244
Anti-EGFR 4(12) 6 (17)

2.1. Efficacy

At the time of the analysis, the number of estimated events for PFS was 65. At the 3-months
evaluation (primary end-point), 21 (66%) and 20 (57%) patients, respectively randomized to
mCAP+rabeprazole and mCAP, experienced a progression of the disease (HR = 1.43, 95%CI 0.53-3.85;
p = 0.477). The median PFS was 3.0 months in the mCAP+rabeprazole as well as in the mCAP
alone group (HR = 1.22, 95%CI 0.75-2.00, p = 0.420) (Figure 2a). Nine (28%) and 11 (31%) patients
reported a CB in the experimental and control arm respectively (RR = 0.85, 95%CI 0.29-2.44, p = 0.768).
The median OS in the mCAP+rabeprazole was 7.0 (95%CI 3.9-10.1) months vs. 6.0 (95%CI 4.0-7.9)
months in the mCAP alone (HR = 0.89, 95%CI 0.54-1.48, p = 0.664) (Figure 2b). A 3-year OS rate of 10%
and 12% was reported in the mCAP-rabeprazole and mCAP group, respectively. Two patients are still
being treated with palliative therapy.
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Figure 2. (a) Kaplan—Meier curves show progression-free survival (PFS) between patients treated
with mCAP+rabeprazole (red line) and mCAP alone (blu line). The median PFS was 3.0 months in
the mCAP+rabeprazole as well as in the mCAP alone group (HR = 1.22, 95%CI 0.75-2.00, p = 0.420);
(b) Kaplan-Meier curves show overall survival (OS) between patients treated with mCAP-+rabeprazole
(red line) and mCAP alone (blue line). The median OS in the mCAP+rabeprazole was 7.0 (95%CI
3.9-10.1) months vs. 6.0 (95%CI 4.0-7.9) months in the mCAP alone (HR = 0.89, 95%CI 0.54-1.48,
p =0.664).

2.2. Safety

The median number of cycles of chemotherapy was 2 (range 1-20) in the mCAP+rabeprazole
group and 2 (2-22) in the mCAP group (p = 0.617) Overall, no severe adverse event was reported.
However, adverse events of any grade occurred more frequently in the mCAP+rabeprazole than in the
mCAP group (53% vs. 29%, OR 2.83, 95%CI 1.03-7.79; p = 0.043) (Figure 3). More detailed description
of single adverse event was reported in Table S1.
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Figure 3. Frequency of adverse events according to CTCAE criteria between mCAP+PPIs (blue bar)
and mCAP alone (grey bar). * p = 0.043.
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2.3. Plasma Concentration of Capecitabine and Its Metabolites

Overall, the values of capecitabine, 5'-DFUR and 5-FU were below zero in the pre-dose analysis.
There were no statistically significant differences between mCAP-+rabeprazole vs. mCAP alone in the
estimated plasma concentration of capecitabine and its metabolites after 4 and 8 weeks of treatment
(Table 2). However, the Cmax value recorded for 5’-DFUR after 8 weeks was significantly increased
when mCAP was combined with rabeprazole (mean + SD, 1.26 + 0.65 vs. 1.41 + 1.25 pg/mL; p = 0.018).

Table 2. Estimates of plasma concentration (C) values recorded for capecitabine and its metabolites at
tmax (2 h) with or without high dose rabeprazole.

T1 (4 Weeks) T2 (8 Weeks)
Ctmax (ug/mL) mCAP+rabe (22) mCAP (20) p Value mCAP+rabe (22) mCAP (20) p Value
(Mean =+ Std.dev.) (Mean = Std.dev.)
Capecitabine 0.58 + 0.67 0.38 + 0.46 0.315 0.38 + 0.64 0.41 +0.32 0.160
5-DFUR 1.85+1.52 143 +£2.01 0.168 141 +1.25 1.26 + 0.65 0.018
5-FU 0.29 + 0.32 0.33 + 0.62 0.270 0.31 +0.30 0.26 + 0.34 0.968

Abbreviations: mCAP: metronomic capecitabine; rabe: rabeprazole; 5-DFUR: 5’-deoxy-5,-fluorouridine;
5-FU: 5-fluoruracil.

3. Discussion

Interesting preclinical and clinical data pointed out the possibility to revert drug resistance of
tumor cells by using high dose PPIs [4-9]. However, there were also recent data which reported
negative retrospective results with the concurrent use of PPIs and capecitabine in different setting of
patients affected with GI cancer [19-21]. Our study for the first time investigated in a randomized
phase II trial the concurrent use of repurposed high-dose rabeprazole combined with low-dose
metronomic capecitabine.

Metronomic capecitabine had previously been demonstrated as a moderately active, well-tolerated
regimen in pretreated patients with metastatic GI cancer [14-16]. Moreover, preliminary data about
3 colorectal cancer patients included in our experimental protocol with mCAP and rabeprazole were
remarkably positive [22].

Results of the present study showed a similar 3-months PFS rate in the two arms of treatment
thus, the primary endpoint was not reached. However, the design of the study and the limited sample
size could have prevented the detection of any significant difference between the treatment groups.
However, some issues deserve a deeper consideration. First of all, survival curves of both treatment
groups, are consistent with those reported from the literature in comparable patients affected with
colorectal [23], gastric [24], and pancreatic cancer [25]. Indeed, a 3-year OS rate of 10% and 12% in the
mCAP-rabeprazole and mCAP group respectively, was reported beyond expectations. In addition,
although patients were frail and/or pretreated, the safety profile of metronomic schedule was good
with no severe adverse events. Lastly, if our data cannot confirm the suggestive hypotheses of a
positive interaction between high dose rabeprazole and metronomic capecitabine, nonetheless they
can contribute to the recently opened debate about the concomitant use of repurposed PPIs and
chemotherapy, particularly capecitabine. In fact, no detrimental effect was noticed by combining
rabeprazole with capecitabine.

Conversely, before our study, negative results regarding the use of PPIs and capecitabine were
reported [19-21]. In a retrospective post hoc analyses of the TRIO-013/LOGIiC study, the concomitant
use of PPIs with capecitabine and oxaliplatin (CapeOx) with or without lapatinib was evaluated in
patients with ERBB2/HER2-positive metastatic gastroesophageal cancer [20]. Based on prescription
refill data, PPI use was associated with a reduction of both median PFS (4.2 vs. 5.7 months, p < 0.001)
and OS (9.2 vs. 11.3 months, p < 0.04) only in the CapeOx group. A comparable retrospective analysis
was conducted in patients with early stage colorectal cancer treated with adjuvant capecitabine [21].
Five-year recurrence-free survival was 74% and 83% (HR = 1.89, p = 0.03) in patients with and without
concurrent PPIs consumption respectively. These studies concluded that an increased gastric pH due
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to PPIs with a supposed consequent reduction of both dissolution and absorption of the capecitabine
may explain the decrease in capecitabine activity.

Both these two studies share the limit of a retrospective evaluation in which confounding factors,
such as the underlying condition to the PPIs prescription, could have acted. On the contrary, our study,
where patients were randomly assigned to mCAP+rabeprazole or mCAP alone, revealed similar
outcomes between the two arms but for the incidence of mild toxicity. Remarkably, a comparable
estimated Cmax of capecitabine, 5’DFUR and 5-FU between the two treatment groups could be
also observed. Therefore, the adjunct of rabeprazole, even delivered at high dosage did not seem to
negatively influence the concentration of capecitabine and its metabolites. Actually, the Cmax recorded
for 5’-DFUR after 8 weeks was even significantly increased by the association with rabeprazole, fact that
might explain the slightly higher incidence of toxicity in this group. The lack of the urine metabolites
testing as well as the short period of observation makes our pharmacokinetic analysis preliminary.
Thus, both prospective clinical studies and confirmatory pharmacokinetic investigations are awaited.
In detail, future clinical study should be addressed in these three following points (i) the choice of
the PPI: A pre-clinical study has shown that lansoprazole exert the most significant anti-cancer effect
both as a single agent [26] and in combination with chemotherapeutics [27,28], and therefore the future
clinical study should be designed either using lansoprazole or lansoprazole compared to other PPI;
(ii) the dose and the treatment schedule: both retrospective clinical studies and some case reports
have shown that the dose may be lower than that used in our study (from 0.8 to 1 mg/kg) and taken
each day [29-31]; (iii) a pre-clinical study has shown that PPI may allow to lower the dose of the
chemotherapeutics [27] and therefore a further arm with a fixed dose of PPI and at least two different
doses of capecitabine, or even other drugs, should be included. Of course, one arm treated with
PPI alone, as it has been tested with important results in the treatment of metastatic breast cancer
patients [9], should be included as well.

4. Material and Methods

Ethics Approval and Consent to Participate: The local independent ethics committee approved
this study (Sapienza University, Department of Molecular and clinical medicine, Protocol number
is 1169/2016 of 2014-02-19 EUDRACT 2013-001096-20). It conducted according to the principles
of the Declaration of Helsinki and the International Conference on Harmonisation Good Clinical
Practice guidelines. Trial registration, EudraCT, Number: 2013-001096-20, registered 9 February 2014.
https://www.clinicaltrialsregister.eu/ctr-search/search?query=2013-001096-20.

Consent for publication: a written informed consent was provided by each patient.

4.1. Patients

Patients with biopsy-proven/documented adenocarcinoma of the colon or rectum, stomach, or
pancreas who had received one or more regimens of standard chemotherapy for metastatic disease
and had a life expectancy >3months were eligible for randomization. In addition, patients had to
be 18 years of age or older, to have adequate bone-marrow, liver, and renal function and to have an
Eastern Cooperative Oncology Group (ECOG) performance status <2. Meanwhile, the presence of
one of the following criteria excluded patients’ participation to the study protocol: GI tumors that
can be treated with standard treatments, cardiovascular or CNS disease, previously untreated CNS
metastases, pregnant or breast-feeding patients, organ dysfunctions that usually hinder the use of
cytotoxic drugs, and/or substance abuse and any other psychological condition that may interfere with
the evaluation of study results. All patients were randomized and treated at the Oncology Unit of
Sant’Andrea University Hospital, Rome. Every cancer patient is commonly managed at our Institution
by a multidisciplinary team, who provides for the starting and the following clinical evaluations.
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4.2. Study Design and Protocol

This is a randomized phase II study designed to detect the advantage of adding rabeprazole
to mCAP as palliative treatment for patients with metastatic GI cancer, as previously described [32].
Eligible patients were randomly assigned 1:1 to capecitabine, 1500 mg/daily, continuously with or
without rabeprazole 1.5 mg/kg bid, three days a week. The randomization was computer generated
by a statistician not involved in data collection, who was called by phone at the time of assignment.
The protocol was not interrupted until progression of disease, unacceptable toxicity or death occurrence.
This study was designed with the primary endpoint of 3-months progression-free survival (PFS) rate.
PFS was defined as the length of time from the first dose of study drug to the date of the first
documented disease progression according to the Response Evaluation Criteria in Solid Tumors
(RECIST), version 1.1, or death for any reason, with censoring at the date of the last contact for alive
patients. Secondary endpoints included the evaluation of clinical benefit (CB), which reflects the
proportion of patients with complete response (CR), partial response (PR) and stable disease (SD) and
overall survival (OS). The crossover between treatment groups was not allowed before the final analysis
of the primary end point. Safety was evaluated by considering overall incidence and severity of adverse
events (AEs) as well as the seriousness and drug-relatedness of each event (CTCAE v.4.03). AEs with
an onset during treatment, or within 28 days after the last dose of the study drug, were considered
as having occurred during treatment. We grouped anemia, neutropenia, and thrombocytopenia
in hematological toxicity; diarrhea, nausea, and vomiting in gastrointestinal toxicity. In the two
protocol arms, plasma concentrations of capecitabine and its metabolites were determined at 2 h
from the assumption of two tablet of capecitabine (1000 mg), corresponding to the tmax of the
drug [33-35]. Plasma concentrations of capecitabine and its metabolites, 5’ -deoxy-5’-fluorouridine
(5’-DFUR) and 5- fluorouracil (5-FU), were evaluated in order to assess the potential interaction
between capecitabine and rabeprazole. Blood samples (7 mL) were collected in vacutainers containing
ethylenediaminetetraacetic acid (EDTA) as anticoagulant, then centrifuged and the plasma samples
were stored at —20 °C until analysis. Plasma samples were collected at the start of the study, after 4 and
8 weeks of treatment. Plasma samples, calibration standard samples and quality-control (QC) samples
were analyzed using a high-performance liquid chromatography (HPLC) tandem mass spectrometry
(LC/MS-MS) analytical method. Plasma concentrations were reported in pg/mL (mean values and
standard deviation (SD)).

4.3. Statistical Analysis, Sample Size

The study was designed to have 90% power to detect a hazard ratio for the 3-months PFS of
0.60 (a 40% reduction in risk) in the mCAP-rabeprazole group as compared with the mCAP group,
with a one-sided type I error rate of 0.05. Given the treatment assignment ratio of 1:1, we calculated
that 66 patients had to be enrolled in the study, and at least 60 events (progression disease) would
have been required for the primary analysis. For PFS and OS, the stratified log-rank test was used
independently at the 2-sided, 0.05 level of significance, and Kaplan-Meier estimates performed for
the graphic representation of both findings. An exact logistic regression model was used to test for
a difference in CB between treatments, with the model adjusted by the same factors used to stratify
the primary analysis of PFS. Adverse events and laboratory abnormalities were summarized for all
patients who received at least one dose of study drug. The x?~test and t-test for unpaired data were
applied to compare frequencies and means, respectively. SPSS statistical software, Version 24 (SPSS Inc.
Chicago, IL, USA) was used.

5. Conclusions

The adjunct of high dose rabeprazole to mCAP in this study was not shown to increase the activity
of mCAP alone in advanced GI patients. However, as PPI are being investigated worldwide as drugs to
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be repositioned in cancer treatment and also considering the limited sample size as well as the favorable
safety profile of the combination in the present study, further clinical investigations are desirable.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6694/12/11/3084/s1,
Table S1: Adverse Events according to CTCAE criteria reported in the two groups.
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Abbreviations

Cmax concentration at tmax

ECOG Eastern Cooperative Oncology Group

GI gastrointestinal

HR hazard ratio

mCAP metronomic capecitabine

(@5 overall survival

PFS progression free survival

PPIs proton pump inhibitors

SD standard deviation

RR relative risk

References

1. Fais,S,; Venturi, G.; Gatenby, B. Microenvironmental acidosis in carcinogenesis and metastases: New strategies
in prevention and therapy. Cancer Metastasis Rev. 2014, 33, 1095-1108. [CrossRef] [PubMed]

2. Fais, S. Proton pump inhibitor-induced tumour cell death by inhibition of a detoxification mechanism.
J. Intern. Med. 2010, 267, 515-525. [CrossRef] [PubMed]

3. Kuchuk, O,; Tuccitto, A.; Citterio, D.; Huber, V.; Camisaschi, C.; Milione, M.; Vergani, B.; Villa, A.; Alison, M.R;;
Carradori, S.; etal. pH regulators to target the tumor immune microenvironment in human hepatocellular carcinoma.
Oncoimmunology 2018, 7, €1445452. [CrossRef] [PubMed]

4. Luciani, F; Spada, M.; De Milito, A.; Molinari, A.; Rivoltini, L.; Montinaro, A.; Marra, M.; Lugini, L.;
Logozzi, M.; Lozupone, F; et al. Effect of Proton Pump Inhibitor Pretreatment on Resistance of Solid Tumors
to Cytotoxic Drugs. JNCI J. Natl. Cancer Inst. 2004, 96, 1702-1713. [CrossRef]

5. De Milito, A.; Canese, R.; Marino, M.L.; Borghi, M.; lero, M.; Villa, A.; Venturi, G.; Lozupone, F,; Iessi, E.;
Logozzi, M.; et al. pH-dependent antitumor activity of proton pump inhibitors against human melanoma is
mediated by inhibition of tumor acidity. Int. J. Cancer 2010, 127, 207-219. [CrossRef]

6.  Spugnini, E.P,; Baldi, A.; Buglioni, S.; Carocci, F.; de Bazzichini, G.M.; Betti, G.; Pantaleo, I.; Menicagli, F.;
Citro, G.; Fais, S. Lansoprazole as a rescue agent in chemoresistant tumors: A phase I/II study in companion
animals with spontaneously occurring tumors. J. Transl. Med. 2011, 9, 221. [CrossRef]

7. Ferrari, S.; Perut, F; Fagioli, E; Brach Del Prever, A.; Meazza, C.; Parafioriti, A.; Picci, P.; Gambarotti, M.;
Avnet, S.; Baldini, N.; et al. Proton pump inhibitor chemosensitization in human osteosarcoma: From the
bench to the patients’ bed. J. Transl. Med. 2013, 11, 268. [CrossRef]

8. Brana, I; Ocana, A.; Chen, E.X,; Razak, A.R.A.; Haines, C.; Lee, C.; Douglas, S.; Wang, L.; Siu, L.L.;
Tannock, LF; et al. A phase I trial of pantoprazole in combination with doxorubicin in patients with
advanced solid tumors: Evaluation of pharmacokinetics of both drugs and tissue penetration of doxorubicin.
Invest. New Drugs 2014, 32, 1269-1277. [CrossRef]

9. Wang, B.-Y.; Zhang, J.; Wang, J.-L.; Sun, S.; Wang, Z.-H.; Wang, L.-P; Zhang, Q.-L.; Lv, E-F; Cao, E.-Y;;

Shao, Z.-M.; et al. Erratum to: Intermittent high dose proton pump inhibitor enhances the antitumor effects
of chemotherapy in metastatic breast cancer. J. Exp. Clin. Cancer Res. 2015, 34, 109. [CrossRef]


http://www.mdpi.com/2072-6694/12/11/3084/s1
http://dx.doi.org/10.1007/s10555-014-9531-3
http://www.ncbi.nlm.nih.gov/pubmed/25376898
http://dx.doi.org/10.1111/j.1365-2796.2010.02225.x
http://www.ncbi.nlm.nih.gov/pubmed/20433578
http://dx.doi.org/10.1080/2162402X.2018.1445452
http://www.ncbi.nlm.nih.gov/pubmed/29900055
http://dx.doi.org/10.1093/jnci/djh305
http://dx.doi.org/10.1002/ijc.25009
http://dx.doi.org/10.1186/1479-5876-9-221
http://dx.doi.org/10.1186/1479-5876-11-268
http://dx.doi.org/10.1007/s10637-014-0159-5
http://dx.doi.org/10.1186/s13046-015-0220-z

Cancers 2020, 12, 3084 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Spugnini, E.P; Fais, S. Drug repurposing for anticancer therapies. A lesson from proton pump inhibitors.
Expert Opin. Ther. Pat. 2020, 30, 15-25. [CrossRef]

Ikemura, K.; Hiramatsu, S.; Okuda, M. Drug Repositioning of Proton Pump Inhibitors for Enhanced Efficacy
and Safety of Cancer Chemotherapy. Front. Pharmacol. 2017, 8, 911. [CrossRef] [PubMed]

Romiti, A.; Cox, M.C.; Sarcina, I, Di Rocco, R.; D’Antonio, C.; Barucca, V., Marchetti, P.
Metronomic chemotherapy for cancer treatment: A decade of clinical studies. Cancer Chemother. Pharmacol.
2013, 72, 13-33. [CrossRef] [PubMed]

Romiti, A.; Falcone, R.; Roberto, M.; Marchetti, P. Current achievements and future perspectives of metronomic
chemotherapy. Invest. New Drugs 2017, 35, 359-374. [CrossRef]

Hagman, H.; Frédin, J.-E.; Berglund, A Sundberg, J.; Vestermark, L.W.; Albertsson, M.; Fernebro, E.;
Johnsson, A. A randomized study of KRAS-guided maintenance therapy with bevacizumab, erlotinib or
metronomic capecitabine after first-line induction treatment of metastatic colorectal cancer: The Nordic
ACT?2 trial. Ann. Oncol. 2016, 27, 140-147. [CrossRef]

Roberto, M.; Romiti, A.; Onesti, C.E.; D’Antonio, C.; Milano, A.; Falcone, R.; Barucca, V.; Palombi, L.;
Righini, R.; Marchetti, P. A metronomic schedule as salvage chemotherapy for upper gastrointestinal tract
cancer. Anticancer. Drugs 2015, 27, 106-111. [CrossRef] [PubMed]

Romiti, A.; Onesti, C.E.; Roberto, M.; Barucca, V.; Tomao, S.; D’Antonio, C.; Durante, V.; Milano, A.;
Falcone, R.; Di Rocco, R.; et al. Continuous, low-dose capecitabine for patients with recurrent colorectal
cancer. Med. Oncol. 2015, 32, 54. [CrossRef] [PubMed]

André, N.; Carré, M.; Pasquier, E. Metronomics: Towards personalized chemotherapy? Nat. Rev. Clin. Oncol.
2014, 11, 413-431. [CrossRef] [PubMed]

Dadabhai, A.; Friedenberg, FX. Rabeprazole: A pharmacologic and clinical review for acid-related disorders.
Expert Opin. Drug Saf. 2009, 8, 119-126. [CrossRef] [PubMed]

Cheng, V.; de Lemos, M.; Hunter, N.; Badry, N.; de Lemos, J. Concomitant use of capecitabine and proton
pump inhibitors—Is it safe? J. Oncol. Pharm. Pract. 2019, 25, 1705-1711. [CrossRef] [PubMed]

Chu, M.P; Hecht, J.R.; Slamon, D.; Wainberg, Z.A.; Bang, Y.-J.; Hoff, PM.; Sobrero, A.; Qin, S,;
Afenjar, K;; Houe, V;; et al. Association of Proton Pump Inhibitors and Capecitabine Efficacy in
Advanced Gastroesophageal Cancer: Secondary Analysis of the TRIO-013/LOGiC Randomized Clinical Trial.
JAMA Oncol. 2017, 3, 767-773. [CrossRef]

Sun, J.; llich, A.L; Kim, C.A.; Chu, M.P; Wong, G.G.; Ghosh, S.; Danilak, M.; Mulder, K.E.; Spratlin, J.L.;
Chambers, C.R,; etal. Concomitant Administration of Proton Pump Inhibitors and Capecitabine is Associated
With Increased Recurrence Risk in Early Stage Colorectal Cancer Patients. Clin. Colorectal Cancer 2016, 15,
257-263. [CrossRef] [PubMed]

Falcone, R.; Roberto, M.; D’ Antonio, C.; Romiti, A.; Milano, A.; Onesti, C.E.; Marchetti, P; Fais, S. High-doses of
proton pump inhibitors in refractory gastro-intestinal cancer: A case series and the state of art. Dig. Liver Dis. 2016,
48, 1503-1505. [CrossRef] [PubMed]

Arnold, D.; Prager, G.W.; Quintela, A.; Stein, A.; Moreno Vera, S.; Mounedji, N.; Taieb, J. Beyond second-line
therapy in patients with metastatic colorectal cancer: A systematic review. Ann. Oncol. 2018, 29, 835-856.
[CrossRef] [PubMed]

Salati, M.; Di Emidio, K.; Tarantino, V.; Cascinu, S. Second-line treatments: Moving towards an opportunity
to improve survival in advanced gastric cancer? ESMO Open 2017, 2, e000206. [CrossRef]

Hua, J.; Shi, S.; Liang, D.; Liang, C.; Meng, Q.; Zhang, B.; Ni, Q.; Xu, J.; Yu, X. Current status and dilemma of
second-line treatment in advanced pancreatic cancer: Is there a silver lining? Onco. Targets. Ther. 2018, 11,
4591-4608. [CrossRef] [PubMed]

Lugini, L.; Federici, C.; Borghi, M.; Azzarito, T.; Marino, M.L.; Cesolini, A.; Spugnini, E.P; Fais, S. Proton
pump inhibitors while belonging to the same family of generic drugs show different anti-tumor effect.
J. Enzyme Inhib. Med. Chem. 2016, 31, 538-545. [CrossRef]

Azzarito, T.; Venturi, G.; Cesolini, A.; Fais, S. Lansoprazole induces sensitivity to suboptimal doses of
paclitaxel in human melanoma. Cancer Lett. 2015, 356, 697-703. [CrossRef]

Lu, ZN,; Tian, B.; Guo, X.L. Repositioning of proton pump inhibitors in cancer therapy. Cancer Chemother. Pharmacol.
2017, 80, 925-937. [CrossRef]


http://dx.doi.org/10.1080/13543776.2020.1704733
http://dx.doi.org/10.3389/fphar.2017.00911
http://www.ncbi.nlm.nih.gov/pubmed/29311921
http://dx.doi.org/10.1007/s00280-013-2125-x
http://www.ncbi.nlm.nih.gov/pubmed/23475105
http://dx.doi.org/10.1007/s10637-016-0408-x
http://dx.doi.org/10.1093/annonc/mdv490
http://dx.doi.org/10.1097/CAD.0000000000000308
http://www.ncbi.nlm.nih.gov/pubmed/26473528
http://dx.doi.org/10.1007/s12032-015-0496-z
http://www.ncbi.nlm.nih.gov/pubmed/25638466
http://dx.doi.org/10.1038/nrclinonc.2014.89
http://www.ncbi.nlm.nih.gov/pubmed/24913374
http://dx.doi.org/10.1517/14740330802622892
http://www.ncbi.nlm.nih.gov/pubmed/19236223
http://dx.doi.org/10.1177/1078155219846952
http://www.ncbi.nlm.nih.gov/pubmed/31081468
http://dx.doi.org/10.1001/jamaoncol.2016.3358
http://dx.doi.org/10.1016/j.clcc.2015.12.008
http://www.ncbi.nlm.nih.gov/pubmed/26803708
http://dx.doi.org/10.1016/j.dld.2016.08.126
http://www.ncbi.nlm.nih.gov/pubmed/27651344
http://dx.doi.org/10.1093/annonc/mdy038
http://www.ncbi.nlm.nih.gov/pubmed/29452346
http://dx.doi.org/10.1136/esmoopen-2017-000206
http://dx.doi.org/10.2147/OTT.S166405
http://www.ncbi.nlm.nih.gov/pubmed/30122951
http://dx.doi.org/10.3109/14756366.2015.1046062
http://dx.doi.org/10.1016/j.canlet.2014.10.017
http://dx.doi.org/10.1007/s00280-017-3426-2

Cancers 2020, 12, 3084 11 of 11

29.

30.

31.

32.

33.

34.

35.

Papagerakis, S.; Bellile, E.; Peterson, L.A.; Pliakas, M.; Balaskas, K.; Selman, S.; Hanauer, D.; Taylor, JM.G.;
Dufty, S.; Wolf, G. Proton pump inhibitors and histamine 2 blockers are associated with improved overall
survival in patients with head and neck squamous carcinoma. Chest 2014, 146, 1258-1269. [CrossRef]
Chen, C.H.; Lee, C.Z; Lin, Y.C.; Kao, L.T.; Lin, H.C. Negative Association of Proton Pump Inhibitors With
Subsequent Development of Breast Cancer: A Nationwide Population-Based Study. J. Clin. Pharmacol. 2019,
59, 350-355. [CrossRef]

Ding, D.C.; Sung, F.C.; Chen, W.; Wang, ]. H.; Lin, S.Z. Proton pump inhibitors reduce breast cancer risk in
gastric ulcer patients: A population-based cohort study. Breast J. 2020, 26, 474—478. [CrossRef] [PubMed]
Marchetti, P,; Milano, A.; D’ Antonio, C.; Romiti, A.; Falcone, R.; Roberto, M.; Fais, S. Association Between
Proton Pump Inhibitors and Metronomic Capecitabine as Salvage Treatment for Patients With Advanced
Gastrointestinal Tumors: A Randomized Phase II Trial. Clin. Colorectal Cancer 2016, 15, 377-380. [CrossRef]
[PubMed]

Reigner, B.; Blesch, K.; Weidekamm, E. Clinical pharmacokinetics of capecitabine. Clin. Pharmacokinet. 2001,
40, 85-104. [CrossRef] [PubMed]

Di Desidero, T.; Orlandji, P.; Fioravanti, A.; Cremolini, C.; Loupakis, F; Marmorino, F.; Antoniotti, C.; Masi, G.;
Lonardi, S.; Bergamo, F; et al. Pharmacokinetic analysis of metronomic capecitabine in refractory metastatic
colorectal cancer patients. Investig. New Drugs 2018, 36, 709-714. [CrossRef] [PubMed]

Le J Drug Absorption-Clinical Pharmacology-Merck Manuals Professional Edition. Available online:
https://www.merckmanuals.com/professional/clinical-pharmacology/pharmacokinetics/drug-absorption
(accessed on 9 March 2020).

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1158/1940-6207.CAPR-14-0002
http://dx.doi.org/10.1002/jcph.1329
http://dx.doi.org/10.1111/tbj.13519
http://www.ncbi.nlm.nih.gov/pubmed/31478297
http://dx.doi.org/10.1016/j.clcc.2016.06.005
http://www.ncbi.nlm.nih.gov/pubmed/27435761
http://dx.doi.org/10.2165/00003088-200140020-00002
http://www.ncbi.nlm.nih.gov/pubmed/11286326
http://dx.doi.org/10.1007/s10637-018-0579-8
http://www.ncbi.nlm.nih.gov/pubmed/29488048
https://www.merckmanuals.com/professional/clinical-pharmacology/pharmacokinetics/drug-absorption
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Efficacy 
	Safety 
	Plasma Concentration of Capecitabine and Its Metabolites 

	Discussion 
	Material and Methods 
	Patients 
	Study Design and Protocol 
	Statistical Analysis, Sample Size 

	Conclusions 
	References

